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CATHETER HAVING INTEGRAL 
EXPANDABLE/COLLAPSIBLE LUMEN 

CROSS REFERENCE 

This application is a continuation in part of U.S. Serial No. 09/204, 108 
filed December 1, 1998, which claims the benefit of U.S. Provisional application 
Serial No. 60/078,087, filed March 16, 1998. 

FIELD OF THE INVENTION 

The present invention is generally related to medical catheters and 
procedures for using the same, and more particularly to catheters adapted to be 
inserted into body vessels including access vessels having a limited diameter 
with respect to the cannula diameter. 

BACKGROUND OF THE INVENTION 

In the medical profession, the use of catheters to deliver and vent fluids 
from body vessels is becoming more pervasive due to the advancement of 
minimally invasive procedures. It is often desired to insert a catheter into a 
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body vessel such as the aorta, urethra etc. via an access vessel having a 
restricted diameter. The catheter usually has a plurality of lumens, for 
instance, one lumen to infuse a fluid such as a medicant or oxygenated blood, 
and another lumen for inflating a balloon to selectively occlude the body vessel. 
5 The number of lumens, and particularly the aggregate cross sectional area of 
the lumens, substantially determines the overall catheter diameter. It is 
desired to keep the overall diameter of the catheter as small as possible, 
especially with respect to the access vessel and the vessel for which it is 
intended to be placed to reduce trauma to the vessel, 

10 With respect to aortic balloon catheters in particular, these catheters may 

be percutaneously inserted into a patient's femoral artery, serving as an access 
vessel, and advanced upwardly into the aorta of the patient. According to one 
conventional method, a first catheter is inserted into the femoral artery and 
advanced into the ascending aorta. The catheter may include a balloon for 

15 selectively occluding the aorta and have multiple lumens terminating at the 
distal end thereof for delivering cardioplegia to the aortic root and/or venting 
fluid from the aorta above the aortic root. Other lumens may provide for 
instrumentation to be inserted into the aorta, which may be advanced through 
the aortic valve into the heart. The proximal end of the catheter may be 

20 provided with a lumen terminating proximate the point of insertion to provide 
arterial return of oxygenated blood. Alternatively, a separate second catheter 
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may be inserted into the patient's other femoral artery to provide arterial return 
of oxygenated blood. This second catheter is used to reduce the overall diameter 
of the first catheter body advanced into the aorta, thus reducing trauma to the 
aorta lining. The distal end of this second catheter is also advanced only to 
proximate the point of insertion since it is semi-rigid and has a relatively large 
diameter to provide the required arterial return of oxygenated blood into the 
aorta. By using a second catheter, a rather large diameter first catheter is not 
necessary to be inserted into the aorta which may cause trauma to the lining of 
the artery. However, returning oxygenated blood well below the aorta requires 
oxygenated blood to flow counter to typical arterial blood flow, upwardly into the 
ascending aorta to the various arteries branching therefrom. 

The disadvantages of this approach include the fact that returning 
oxygenated blood to the aorta upwardly in a direction counter to normal flow 
has been found in some studies to be damaging to the artery lining, and which 
may create aortic dissection, aneurysms, and in some cases death. In addition, 
this method requires a second infusion catheter to be inserted and manipulated 
which can be cumbersome. 
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SUMMARY OF THE INVENTION 

The present invention achieves technical advantages as a single catheter 
having a relatively large inflatable/collapsible lumen suited for insertion via 
smaller access vessels into larger vessels. The larger lumen is collapsed during 
insertion, and inflated during fluid delivery. The catheter can be inserted via 
an access artery and provide arterial return of oxygenated blood into the 
ascending aorta. This inflatable/collapsible lumen is secured to the main 
catheter body distal end., and surrounds the main catheter body having 
multiple lumens for facilitating other functions, such as pressure sensing at the 
catheter distal end, balloon inflation, and delivery of cardioplegia/venting at the 
catheter distal end. 

In one embodiment, the catheter of the present invention derives 
technical advantages as being adapted to be percutaneously positioned into the 
aorta via a femoral artery with the large lumen in the collapsed position. This 
large lumen has a very thin wall facilitating inflation/collapsing about the main 
catheter body, preferably being comprised of polyethylene. Subsequently, by 
infusing a fluid, such as oxygenated blood, into the large lumen, the large lumen 
self expands due to fluid pressure of the fluid flowing therethrough to the lumen 
distal end. In another embodiment, the catheter can be inserted into other 
access vessels such as a subclavian artery. 

The present invention derives technical advantages as a single catheter 
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having multiple lumens and a reduced overall diameter. The catheter has a 
relatively small overall diameter during insertion through access arteries to the 
aorta with the large lumen in the collapsed position during advancement. This 
small diameter provides good control of the catheter during insertion, reducing 
the risk of damaging or traumatizing the lining of the artery. The catheter 
main body provides advancement of the large lumen within the vessel, and the 
catheter is sufficiently rigid to avoid kinking during insertion. 

The present invention has other numerous uses and advantages in the 
surgical field whereby a large catheter lumen is required for exchanging a fluid 
to a body vessel, but the body vessel has a relatively small diameter and is 
difficult to navigate in and is susceptible to trauma. For instance, the present 
invention is ideally suited for use as a ureter catheter as well. 

Another embodiment uses a single catheter having a single large cannula 
with a collapsible lumen attached to the distal end. The cannula body in this 
embodiment can be any of an number of embodiments having a distal end 
coupled to collapsible lumen. The catheter may be used for different procedures 
by varying the length of the collapsible lumen. For instance, if the collapsible 
lumen is relatively short (approximately 1 inch), the catheter may be used to 
perfuse blood in the ascending aorta or directly inserted in the distal aortic arch 
to perfuse blood in the descending aorta On the other hand, if the collapsible 
lumen is relatively long, the catheter may be inserted from the femoral artery. 
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The collapsible lumen is soft and pliable so that once it is in the blood vessel it 
is unlikely to cause trauma to the interior lining of the blood vessel. The 
collapsible lumen may have a larger diameter than the catheter body which 
allows for a more diffused and gentler flow. The distal end of the collapsible 
lumen may have a variety of openings. 

The collapsible lumen may be folded inside the catheter body or rolled up 
near the distal end of the catheter. Once the catheter is connected to a heart 
lung machine, the fluid flow from the machine expands the catheter to its full 
width and diameter. 

In another embodiment, a dilator may be used to insert the collapsible 
lumen into the artery. The catheter can be inserted in the usual manner, then 
the collapsible lumen maybe expanded to the desired length by inserting the 
dilator through the cannula body and into the expanded section. Alternatively, 
the collapsible lumen can also be expanded simply by the fluid pressure from a 
roller pump once the catheter is attached to an extracorporeal circuit. 

In yet another embodiment, with the aid of a semi-rigid tube, the 
collapsible lumen can also be folded inside an insertion cover of a relatively 
small diameter. After insertion, the cover can simply be peeled off, allowing the 
collapsible lumen to be expanded by fluid pressure produced by the 
extracorporeal circuit. 

The use of dilator or insertion cover allows insertion and positioning of 
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a thin, flexible cannula without the trauma to the inside of the artery associated 
with conventional devices. In either case, the flexible lumen can expanded to 
the full diameter by the pressure of the fluids flowing during perfusion. 
Furthermore, the use of the diffused nozzles causes a gentler flow during 
perfusion, which is also significantly reduces the risk of trauma to the aorta. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of the catheter of the present invention 
shown femorally inserted into the aorta to provide arterial return of oxygenated 
blood when the catheter is used as an aortic catheter, wherein the large 
inflatable lumen is in the collapsed position during insertion to minimize 
trauma to the arteries and then inflated during delivery of oxygenated blood; 

Figure 2 is a longitudinal cross section of the catheter of the present 
invention shown in Figure 1 including the large inflatable/collapsible lumen 
shown in the collapsed state as carried by the catheter body for advancement 
into a body vessel, such as for the procedure shown in Figure 1; 

Figure 3 is a longitudinal cross section of the catheter of Figure 1 
illustrating the large lumen in the expanded state when fluid flows 
therethrough into the body vessel; 

Figure 4 is a transverse cross-section of the catheter taken along line 4-4 
in Figure 2 with the large lumen in the collapsed state; 

Figure 5 is a transverse cross-section of the catheter taken along line 5-5 
in Figure 3 with the large lumen in the expanded state; 

Figure 6 is a view of the catheter of the present invention inserted into 
the aorta via the left subclavian artery; 

Figure 7a is an isometric side view of one embodiment of the catheter 
with a tapered distal end; 
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Figure 7b is an isometric side view of another embodiment of the catheter 
with a tapered distal end; 

Figure 7c is an isometric side view of another embodiment of the catheter 
with a tapered distal end; 
5 Figure 7d is an isometric side view of another embodiment of the catheter 

with a tapered distal end; 

Figure 8 is an isometric side view of another embodiment of the present 
invention; 

Figure 9a is an isometric drawing of another embodiment of the present 
10 invention showing the flexible lumen in a collapsed position inside a cover; 

Figure 9b is an isometric drawing of the embodiment illustrated in Figure 
9a showing a partially removed cover; 

Figure 9c is a detailed isometric drawing of a diffused nozzle use in some 
embodiments of the present invention; 
15 Figure 9d is a detailed isometric drawing of another diffused nozzle used 

in some embodiments of the present invention; 

Figure 9e is a transverse cross-sectional drawing of the embodiment 
shown in Figure 9a; 

Figure 10a is a view of one embodiment of the present invention inserted 
20 into the aorta via the left subclavian artery; 

Figure 10b is a view of the embodiment shown in Figure 7b inserted into 
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the aortic arch and perfusing the descending aorta; 

Figure 10c is a view of the embodiment shown in Figure 7b inserted into 
the aorta arch; 

Figure lOd is a view of the embodiment shown in Figure 7d inserted into 
the aortic arch and perfusing the descending aorta; 

Figure 11a is an isometric side view of one embodiment of the invention 
showing an expanded lumen; 

Figure lib is an isometric side view of one embodiment of the invention 
showing an expanded lumen in a partially expanded position; 

Figure 11c is an isometric side view of one embodiment of the invention 
showing an expanded lumen folded back into the body of a catheter; 

Figure lid is an isometric side view of one embodiment of the invention 
showing a lumen rolled into the body of a catheter; and 

Figure lie is an isometric side view of one embodiment of the invention 
showing an expanded lumen having a large diameter. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to Figure 1, there is shown generally at 10 a catheter 
according to the preferred embodiment of the present invention used as an 
aortic balloon catheter femorally inserted into a patient and advanced into an 
ascending aorta 11 of a heart 12. Catheter 10 is seen to have a balloon member 
14 positioned and expanded within the ascending aorta 11 to occlude the aorta 
above an aortic valve 16. Catheter 10 is further seen to include a cardioplegia 
delivery/venting port 18 and a pressure sensing port 20. Both ports 18 and 20 
are defined distal of the balloon member 14 for use within the ascending aorta 
above the aortic valve 16. Catheter 10 is further seen to include a large integral 
expandable/collapsible lumen 22 defined between a main catheter body 24 and 
a thin-walled sleeve member 40 disposed about and carried by the main catheter 
body 24. Lumen 22 terminates proximate the distal end of the catheter 10, but 
proximal the balloon member 14. Lumen 22 is ideal for providing arterial return 
of oxygenated blood to the ascending aorta from an extracorporeal pump (not 
shown). 

The present invention derives technical advantages as a catheter having 
a large lumen 22 that can be collapsed when inserted through a smaller access 
artery, such as the femoral artery, and into the ascendina aorta. The catheter 
has a reduced overall diameter during insertion, thereby reducing trauma to the 
artery and improving control during insertion. The fluid pressure of the 
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oxygenated blood delivered through lumen 22 causes sleeve member 40 to self 
expand from a collapsed state within the artery, whereby the diameter of the 
large lumen 22 is sufficient to provide oxygenated blood at a sufficient rate and 
pressure to perfuse the human body. As shown, a single catheter 10 is suitable 
for providing multiple functions during aortic perfusion, without requiring a 
second catheter and minimizing damage to the lining of the aorta. 

Referring now to Figure 2 and Figure 3, there is shown a longitudinal 
cross section of catheter 10 according to the preferred embodiment of the present 
invention. Sleeve member 40 is illustrated in the collapsed state in Figure 2, 
and in the expanded state in Figure 3. A transverse cross-section of catheter 10 
having the sleeve member 40 in the collapsed state taken along line 4-4 in 
Figure 2 is shown in Figure 4. A transverse cross-section of catheter 10 having 
the sleeve member 40 in the expanded state taken along line 5-5 in Figure 3 is 
shown in Figure 5. It is noted again that the catheter 10 of the present invention 
is ideally suited as an aortic balloon catheter, however, the catheter 10 has 
other intended uses as well, such as a ureter catheter, and limitation for use as 
an aortic balloon catheter as described with reference to Figure 1 is not to be 
inferred. 

Catheter 10 is seen to have the main catheter body 24 which may be 
comprised of a conventional material such as polyvinylchloride (PVC), 
polyurethane, and polyethylene, although limitation to these materials is not 



12 



Attorney Docket No. 28122.52 
to be inferred as catheter body 24 can be comprised of elastomeric materials as 
well, such as silicone. Extending within catheter body 24 is a plurality of lumens 
including a first lumen 26 extending to distal port 18, a second lumen 28 
extending to distal port 20, and third lumen 30 extending to a balloon inflation 
port 32 within balloon member 14. Also shown is balloon member 14 being 
sealingly disposed about the distal end of the catheter body 24 to form a cavity 
36 therewithin. When used as an aortic perfusion catheter, aortic root pressure 
is sensed via lumen 28 and port 20 above the aortic valve 16 to determine if the 
balloon member 14 is properly occluding the ascending aorta 11. Then, 
cardioplegia is delivered to the aorta proximate the aortic valve 16 via the 
lumen 26 and port 18 while sensing pressure at the aortic root to maintain a 
pressure of about 50-100 mm Hg. 

The integral expandable/collapsible lumen 22 is formed by the thin- 
walled flexible lumen member 40 secured about and carried by the main 
catheter body 24. Lumen member 40 is preferably secured only at the distal end 
thereof at 41, but may alternatively be secured along a line to the outer surface 
of the main catheter body 24, either intermittently or continuously along 
catheter body 24 if desired. Securing lumen member 40 to catheter body 24 
ensures that the distal end of member 40 is carried with main catheter body 24 
of catheter 10 during insertion. 

Lumen member 40 preferably has a plurality of circumferentially 
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extending openings 42 disposed at the member distal end 44, whereby lumen 22 
terminates at a distal lumen opening at 46. Lumen opening 46 and sidewall 
openings 42 facilitate infusing fluid out the distal end of the large lumen 22 
when expanded by the fluid pressure. Advantageously, lumen member 40 has- 
a very thin wall thickness to maintain a low profile when collapsed about 
catheter body 24, as shown in Figure 2 and Figure 4. The collapsed lumen 
member 40 is folded and wrapped about the catheter body 24 and heated during 
manufacturing to keep the member close to catheter body 24, as shown in 
Figure 4, until unfolded when inflated. Member 40 has a wall thickness 
preferably in the range of .002 inches, and preferably less than 0.01 inches, and 
is preferably comprised of a strong and resilient material such as polyethylene. 
Thus, the relative thickness of member 40 is not drawn to scale in Figure 2 and 
Figure 3. However, other dimensions and other conventional materials can be 
utilized as well, and limitation to polyethylene is not to be inferred. For 
instance, PVC, and polyurethane are suitable as well. The material chosen for 
lumen member 40 could be the same as the catheter body 24 to facilitate a 
secure attachment thereto using conventional mechanical, chemical or thermal 
bonding techniques. 

In the preferred embodiment of the present invention, the inner diameter 
of lumen 22 in the expanded position, as shown in Figure 3 and Figure 5, is 
substantially larger than the outer diameter of the main catheter body 24, such 
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as a 4 to I ratio. For example, the inner diameter of expanded lumen 22 may be 
about 10.7mm (32 fr.), and the outer diameter of main catheter body 24 may be 
about 2.7mm (8 fr.), although limitation to these dimensions is not to be 
iliferred. This expandable lumen 22 is ideal for delivering a fluid, such as 
oxygenated blood, at a large fluid rate, whereby the smaller lumens 26, 28 and 
30 are rather small and suited for their intended use, such as previously 
discussed. The main catheter body 24 is comprised of a suitable material such 
that it will not kink or buckle during insertion into the intended body vessel, 
such as the aorta or urethra. If desired, one of the lumens, such as lumen 26, 
can be provided with a malleable guide wire to selectively provide rigidity to the 
catheter body 24 and aid insertion of catheter 10 into the intended body vessel. 

Cessation of fluid flow from the pump (not shown) through the lumen 22 
will cause the lumen member 40 to collapse about the catheter body 24. Removal 
of catheter 10 from the body vessel, generally after fluid flow through lumen 22 
has ceased, will further constrict lumen member 40 to cause any remaining fluid 
in lumen 22 to be dispensed out the distal opening 46 of the lumen 22. The 
lumen member 40 having a very flexible and thin wall will collapse about 
catheter body 24 as forces from the body vessel compress the lumen member 40 
into its collapsed position, thus facilitating the easy removal of catheter 10 from 
the body vessel. The reduced catheter diameter during withdrawal further 
reduces trauma to the body vessel, which is a further technical advantage of the 
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present invention. 

Still referring to Figure 2 and Figure 3, the proximal end of catheter 10 
is seen to have versatile features that have additional technical advantages. 
Each patient has different physical attributes and dimensions, and thus, the 
catheter of the present invention can be adapted to have a sufficient length for 
use within each particular patient. The proximal end of catheter 10 is seen to 
have a substantially rigid tubular body member generally shown at 50. The 
proximal end of the thin wall lumen member 40 is seen to be disposed about and 
sealingly attached about the circumference of the body member 50 distal end 
shown at 52. Notably, the proximal end of the lumen member 40 is seen to be 
bunched together in an accordion or serpentine like arrangement. This allows 
the length of the lumen member 40 defined distal of the distal end 52 to be 
selectively adjusted along with the length of catheter body 24 slidably extending 
through body member 50, thereby allowing the physician to selectively adjust 
the length of the catheter from body member distal end 52 to the catheter distal 
end 54. As indicated by the arrows, the main catheter body 24 is seen to be 
longitudinally slidably adjustable within a flow passageway 56 extending 
within body 50. Main catheter body 24 can be selectively adjusted by the 
physician such that it can be extended or retracted through body member 50 
and proximal end 58. To provide a sealed, fluid tight, lumen 56, the proximal 
end 58 of body member 50 has positioned therein a hemostasis valve 60 
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sealingly- disposed about the main catheter body 24. Valve 60 is sealingly 
engaged against the inner wall of passageway 56 to prevent oxygenated blood 
66 from back flowing through proximal end 58, and to provide friction holding 
catheter body 24 in place at the selected position. The main catheter body 24 is 
longitudinally and slidably adjustable through valve 60 by the physician. 

A flanged connector 62 is seen to form a Y connection in combination with 
proximal end 58 and has a passageway 64 extending therethrough in fluid 
communication with passageway 56. An oxygenated blood source 66 is fluidly 
coupled to member 62 and provides oxygenated blood to the catheter 10 via the 
passageway 64, lumen '06, and ultimately to the expandable/collapsible 
passageway 22 for delivery to the artery via the opening 46 and openings 42. 
The proximal end of catheter 10 is seen to have extending therefrom three 
separate passageways, namely, a passageway 70 in fluid communication with 
lumen 30 and coupled to an inflation source 72, a passageway 74 in fluid 
communication with lumen 28 and coupled to a pressure sensor device 76, and 
a passageway 78 in fluid communication with lumen 26 and coupled to a fluid 
delivery source 80. Each passageway connects to a respective connector, as 
shown in Figure 1. 

The outer diameter of main catheter body 24 is significantly smaller than 
the outer diameter of passageway 56 extending through body member 50. This 
creates a sufficient passageway 56 about main catheter body 24 for oxygenated 
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blood to be communicated therethrough as sufficient rate and pressure to 
perfuse the human body as shown in Figure 1. It is noted that the outer 
diameter of passageway 56 is less than the diameter of passageway 22 formed 
by the fully inflated lumen member 40, and thus, the fluid pressure will be 
higher through passageway 56 than the fluid pressure within passageway 22 
during use. However, the short catheter portion that the blood is at a higher 
pressure is relatively short in relation to the overall length of the catheter 10. 
Thus, the required pressure for the oxygenated blood source 66 is suitable for 
delivery of oxygenated blood to an artery of the body, such as the aorta 
illustrated in Figure 1. As shown in Figure 3, the diameter of the lumen 
member 40 between proximate body member 50 and a transition 82 is reduced 
with respect to the lumen member 40 distal of transition 82 as this portion and 
the body member distal end 52 typically are positioned in the smaller access 
artery. The body member 50 has sufficient strength to facilitate insertion into 
a smaller access artery. 

Referring now to Figure 6, there is shown an alternative preferred 
method of the use of the present invention whereby the catheter 10 is inserted 
into the ascending aorta via the left subclavian artery shown at 90. Like the 
femoral artery, the left subclavian artery can also be used as an access vessel 
for positioning the catheter 10 within the ascending aorta, as shown. The left 
subclavian artery, like the femoral artery, has a diameter less than the larger 
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aortic artery and thus limits the overall diameter of the catheter that can be 
inserted therethrough. The present invention is ideal for insertion through 
small arteries for ultimate positioning within a larger artery, such as for the 
purpose of delivering fluids into the large artery at suitable flow rates while 
minimizing trauma to the arteries by the catheter. 

It is intended that other arteries are suitable as access sites for the 
present invention as well, such as the left carotid artery 92 and the right carotid 
artery 94 as shown in Figure 4. The desired insertion artery is left to the choice 
of the surgeon and will depend upon many criteria and will vary from patient 
to patient. 

Figures 7-11 describe various examples and other embodiments of the 
present invention. For brevity and clarity, a description of those parts which 
are identical or similar to those described in connection with embodiments 
illustrated in Figures 1 through 6 will not be repeated. Reference should be 
made to the foregoing paragraphs with the following description to arrive at a 
complete understanding of these embodiments. It is understood that features of 
various examples and embodiments may be interchanged, combined or 
otherwise reconfigured. 

Referring to Figure 11a, which is an isometric side view of another 
embodiment of the present invention designated generally as a catheter 1100 
which includes an elongated collapsible lumen 1102, a catheter body 1108, and 
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a connection 1110. 

The collapsible lumen 1102 preferably has a diameter sufficient to infuse 
oxygenated blood into an aorta at a suitable flow rate and flow pressure to 
perfuse a human body. Advantageously, collapsible lumen 1102 has a very thin 
wall thickness to maintain a low profile when collapsed, preferably in the range 
of .003 inches or less. The collapsible lumen 1102 is preferably comprised of a 
strong and resilient material such as poly ure thane. However, other dimensions 
and other conventional materials can be utilized as well, and limitation to 
polyurethane is not to be inferred. For instance, PVC, and polyethylene are 
suitable as well. In one embodiment, the material chosen for collapsible lumen 
1102 could be the same as the catheter body 1108 to facilitate a secure 
attachment thereto using conventional mechanical, chemical or thermal bonding 
techniques. 

In Figure 11a the collapsible lumen 1102 is shown in a fully extended 
condition. In Figure lib, the collapsible lumen 1102 is shown partially 
extended to illustrate the extremely pliable and flexible nature of the collapsible 
lumen 1102. Because the collapsible lumen 1102 is so pliable, it can be 
"collapsed" or fitted inside of catheter body 1108 as shown in Figure 11c. 
Figures 11c and lid illustrate different embodiments of the collapsible lumen 
1102 in a collapsed condition. The collapsible lumen 1102 can also be rolled up 
inside the catheter body as shown in Figure lid. Other collapsed conditions 
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are possible, and a limitation to these conditions should not be inferred. In 
operation, the catheter 1100 can be inserted into a artery in the usual manner. 
Once catheter connection 1110 is connected to a heart-lung machine and fluids 
start flowing, the fluid pressure will cause the collapsible lumen 1102 to expand 
longitudinally, as illustrated in Figure 11a. 

In another embodiment, illustrated in Figure lie, a collapsible lumen 
1112 has a larger cross-sectional diameter than the catheter body 1108. A 
larger diameter would allow the collapsible lumen 1112 to conform to the 
interior of the artery or vessel without causing trauma to the inside of the artery 
during insertion. The larger diameter would also allow for a reduced flow 
velocity causing less trauma to the interior of the vessel or artery. 

In another embodiment, the collapsible lumen could have a smaller cross- 
sectional diameter or a reduced cross-sectional diameter at the distal end of the 
member. Referring to Figure 7a, which illustrates an isometric view of another 
embodiment of the present invention designated generally as catheter 700 
which includes an elongated collapsible lumen 702, a catheter body 708, and a 
connection 710. The distal end of collapsible lumen 702 terminates at nozzle 
718. The diameter of nozzle 718 tapers to a reduced diameter opening 720 or, 
alternatively, no opening. In either case, there are a plurality of 
circumferentially extending side openings 716 disposed longitudinally along 
nozzle 718. The plurality of side openings create a diffused velocity flow versus 
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the high velocity flow or "jet" flow of a single opening in a standard cannula. 
The diffused velocity flow reduces the possibility of dislodging micro-emboli from 
the aorta wall and other trauma to the inside of the aorta. 

In embodiments incorporating the end opening 720, the tapered shape of 
nozzle 718 causes a reduction in the cross-sectional area of the lumen, which 
increases the pressure forcing fluid out side openings 716. In another 
embodiment illustrated in Figure 7b, the side openings 716 can be on the 
straight section of a collapsible lumen 724. In this embodiment the distal end 
726 has a reduced end opening or no opening at all. If the side openings 716 are 
used in this embodiment without the end opening 720, the flow out of the side 
openings will create more turbulence in the fluid flow - which is less desirable. 
On the other hand, if side openings are used in this embodiment with a end 
opening that has not been tapered, most of the fluid flow will go through the end 
opening and little or no flow will be through the side openings 716. 

The openings 716 shown in Figures 7a-7d are illustrated as circular 
openings. However, other shape openings may also be used, for instance 
straight or arrow-shaped silts would also be effective at reducing the velocity of 
the flow. Figure 9d illustrates another embodiment, discussed later, where the 
openings 930 are slits. The use of slits creates even a softer flow than circular 
holes, while keeping the flow directed forward. 

The collapsible lumen member of the present invention can be attached 



22 



Attorney Docket No. 28122.52 
to a variety of cannulae and catheter bodies. Turning back to Figure 7a, the 
proximal end of collapsible lumen 702 is joined to a catheter body 708 at point 
714. The collapsible lumen 702 is preferably disposed about and sealingly 
attached about the circumference of the catheter body 708. 
5 The catheter body 708 is preferably comprised of an elastomeric material, 

such as silicone, plastic, polyethylene, PVC, vinyl, or plastisol, which are 
comparatively soft material having the advantage that it does not readily cause 
trauma when inserted into the body vessels and aortas. In this embodiment, the 
y catheter body 708, comprises three sections, a support or reinforced section 704, 

& 10 a transition section 706, and a relatively rigid or main body section 707. Any 

"'"•'4 

JS or all of three sections may be integrally formed. 

^ The reinforced section 704 has a smaller diameter than the main body 

?T section 707. The smaller diameter allows for a smaller insertion site. The 

£j reinforced section 704 is reinforced by a semi-rigid support member comprising 

nil. 

Q 15 a helical spring or coil which keeps reinforced section 704 from kinking during 
insertion and use. The spring is made from wire which has a relatively small 
cross-sectional diameter and helically extends within the body of reinforced 
section 704. The wire is preferably integrated into the body of reinforced section 
704 during a manufacturing extrusion process forming the catheter body 708. 
20 A transition section 706 couples the reinforced section 704 to a main body 
section 707. Both the reinforced section 704 and main body section 707 are 
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cylindrical in shape. Main body section 707 has a larger diameter and wall 
thickness than reinforced section 704. Transition section 706 is tapered which 
allows for a smooth transition between the main body section 707 and reinforced 
section 704. 

The main body section 707 is used to clamp the cannula. The larger 
diameter of the main body section 707 reduces the pressure drop across the 
cannula. At the proximal end of the main body section 707 is a connection 710. 
The connection 710 is attached to the arterial line of a an extracorporeal bypass 
machine, 

The catheter 700 may be used for different medical procedures by varying 
the length of the collapsible lumen 702. For instance, if the collapsible lumen 
member is relatively short (approximately 1 inch) as illustrated by a collapsible 
lumen 722 in Figure 7c, the catheter may be used to perfuse blood in the 
ascending aorta or directly inserted in the distal aortic arch to perfuse blood in 
the descending aorta. Alternatively, if the collapsible lumen member is 
relatively long as illustrated in Figures 7a and 7b, the catheter may be inserted 
from the femoral artery. Side openings 716 may be located only in the region 
of nozzle 718 as illustrated in Figure 7a for perfusion only in the descending 
aorta. Alternatively, as illustrated in Figure 7b, side openings may be located 
all along the periphery of a collapsible lumen 724 for perfusion in throughout 
the aortic arch. 
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Referring to Figure 7d, which illustrates another embodiment of the 
present invention. In this embodiment, catheter 750 is similar to the catheter 
illustrated in Figure 7c, except that it is coupled to a balloon member 752. In 
Figure 7d, the balloon member 752 is in an expanded condition. The balloon 
member 752 is used to occlude an artery, and is positioned longitudinally 
between a body portion 753 and a collapsible lumen 722. Catheter 750 is used 
to perfuse, and the balloon member 752 occludes the aorta above an aortic valve 
16, as illustrated in Figure lOd. Balloon member 752 is inflated by a separate 
tube (not shown) running down the interior wall of the catheter body 753. 

Referring back to Figure 7a, the collapsible lumen 702 may be expanded 
due to flow pressure. The surgeon also has an option to expand the collapsible 
lumen 702 before the connection 710 is attached to a heart-lung machine by 
using a dilator 730. The dilator 730 may be used to expand, insert and position 
catheter 700 in the aorta. The dilator 730 should have an outside diameter that 
easily fits within the inner diameter of collapsible lumen 702 and catheter body 
708. The dilator 730 is preferably comprised of a flexible material, such as 
polyethylene or silicone, to curve around the aortic arch. However, a flexible 
material may be difficult to insert, therefore to aid in the insertion the proximal 
end of the dilator shall be of a more rigid material or a larger wall thickness. 

In this embodiment, catheter 700 is inserted into the body using 
standard insertion procedures and techniques. After the catheter 700 is 
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inserted, a collapsible lumen 702 would be pushed out by the dilator 730 as 
illustrated in Figure 7a. The collapsible lumen 702 can also be inflated after 
connection 710 was connected to an extracorporeal circuit (not shown). The 
pressure from a roller pump (not shown) could then force the collapsible lumen 
702 to expand to its full extended position within the body vessel. 

Referring now to Figure 10a, there is shown an alternative preferred 
method of the use of the present invention whereby the catheter 700 is inserted 
into the ascending aorta via the left subclavian artery shown at 90. Like the 
femoral artery, the left subclavian artery can also be used as an access vessel 
for positioning the catheter 700 within the ascending aorta, as shown. The left 
subclavian artery, like the femoral artery, has a diameter less than the larger 
aortic artery and thus limits the overall diameter of the catheter that can be 
inserted therethrough. The present invention is ideal for insertion through 
small arteries for ultimate positioning within a larger artery, such as for the 
purpose of delivering fluids into the large artery at suitable flow rates while 
minimizing trauma to the arteries by the catheter. 

Referring to Figure 10b, there is shown an alternative preferred method 
of the use of the present invention whereby the catheter 700 is inserted into the 
aortic arch for perfusing the descending aorta. Like the femoral artery, the 
aortic arch can also be used as an access vessel for positioning the catheter 700 
within the descending aorta, as shown. 
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Referring to Figure 10c, there is shown another alternative method of use 
wherein the catheter 700 is directly perfusing the aortic arch as shown in Figure 
10c. 

Referring to Figure lOd, there is shown an alternative preferred method 
of the use of the present invention whereby the catheter 750 is inserted into the 
aortic arch for perfusing the descending aorta. Like the femoral artery 3 the 
aortic arch can also be used as an access vessel for positioning the catheter 750 
within the descending aorta, as shown. The balloon member 752 is expanded 
which occludes the aorta above the aortic valve 16 (not shown in Figure lOd). 

Referring to Figure 8, which shows another embodiment of a collapsible 
lumen 802 in an expanded condition and attached to a curved tip 804 of a 
vascular cannulae 806. The collapsible lumen 802 could also be directly 
attached to the vascular cannulae 806. The collapsible lumen 802 may be rolled 
up or collapsed into the body of the vascular cannulae 806, similar to the 
collapsible lumen 1102 of Figures 11c and lid. 

In another embodiment, illustrated in Figure 9a, a catheter 900 comprises 
a cover 904 and an tube member 906 to assist in the positioning of the catheter 
900. The catheter 900 is similar to the catheter 700, except that a collapsible 
lumen 902 (not shown in Figure 9a) is folded or collapsed inside the cover 904. 

Figure 9e is a transverse cross-section view through the cover 904, the 
tube member 906, and the collapsible lumen 902. At the center is the tube 
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member 906. Surrounding the tube member 906 is the collapsible lumen 902 
which in a collapsed state and is folded around tube member 906. The cover 904 
encapsulates and surrounds the collapsible lumen 902. The cover 904 can be 
made from PVC, polyurethane or another suitable material. As shown in Figure 
5 9e, notches 903a and 903b are shown which run longitudinally along the 
periphery of the cover 904. The notches 903a and 903b weakens the radial 
strength of the cover 904 to allow for easy removal of the cover 904. 

The tube member 906 may be manufactured by any wide variety of 
stainless steel or other medical grade materials. If a guide wire is used, the 

10 tube member 906 may be hollow which allows it to slid over a guide wire. The 
interior diameter of tube member 906 is sufficient to allow the tube member 906 
to slide over the guide wire. If a guide wire is not used, tube member 906 may 
be either solid or hollow. At the distal end, the tube member 906 is coupled to 
a rounded end member 910 as illustrated in Figure 9c. Figure 9c is a detail 

15 view of the distal end of the collapsible lumen 902, having circular openings 
928. Figure 9d is an alternative embodiment wherein the openings 930 are 
longitudinal slits. The use of end member 910 reduces the chances of a creating 
a "whipping" action within the vessel as the tube is snaked through the vessel. 
The end member 910 also reduces the chances of scraping the interior of the 

20 artery. Furthermore, it is easily identifiable in TEE screens. The end member 
910 may be made from stainless steel, nylon or any number of medical grade 
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materials. The end member 910 is sealantly attached to the collapsible lumen 
902. The tube member 906 runs from the distal end of collapsible lumen 902, 
through the body of catheter 900, through side port 908 (Figure 9a). 

In operation, catheter 900 is inserted into the femoral artery or another 
suitable insertion point. At the surgeon's option, a guide wire (not shown) may 
be used to assist in positioning catheter 900. If a guide wire is used, tube 
member 906 may be slid over the guide wire until the catheter is in position. 
Once the catheter is in position, the guide wire may be removed by pulling it 
through side port 908. 

The surgeon may also choose to position catheter 900 without the aid of 
a guide wire. Compared to the collapsible lumen 902, the cover 904 is relatively 
rigid and allows for the insertion and accurate positioning of the collapsible 
lumen 902 within the artery. Because collapsible lumen 902 is in a collapsed 
position inside of cover 904, the collapsible lumen 902 has an extremely low 
profile which significantly reduces the chances of trauma or dislodging plague. 
Once the collapsible lumen 902 is in position, cover 904 may be removed by 
pulling the sheath longitudinally toward the catheter body 900, as illustrated 
in Figure 9b. Cover 904 may then be discarded and the collapsible lumen 902 
is inflated by fluid pressure created by a roller pump (not shown) once 
connecting member 912 is connected to an extracorporeal circuit (not shown). 

Cessation of fluid flow from the pump in the extracorporel circuit through 
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the collapsible lumen will cause the collapsible lumen to collapse. Removal of 
catheter from the body vessel can take place generally after fluid flow through 
the collapsible lumen has ceased. The removal will further constrict collapsible 
lumen and cause any remaining fluid in collapsible lumen to be dispensed out 
5 the openings at the distal end, thus facilitating the easy removal of the present 
invention from the body vessel. The reduced catheter diameter during 
withdrawal further reduces trauma to the body vessel, which is a further 
technical advantage of the present invention. 

The present invention is also ideal for insertion through small arteries for 

10 ultimate positioning within a larger artery, such as for the purpose of delivering 
fluids into the large artery at suitable flow rates while minimizing trauma to 
the arteries by the catheter. It is intended that other arteries are suitable as 
access sites for the present invention as well, such as the left carotid artery 92 
and the right carotid artery 94. The desired insertion artery is left to the choice 

15 of the surgeon and will depend upon many criteria and will vary from patient 
to patient. 

In summary, the present invention achieves technical advantages as a 
catheter which has the functional characteristics of a catheter having a 
predetermined outer diameter, but which during insertion and withdrawal has 
20 a smaller effective overall diameter. The present invention achieves advantages 
of a reduced-diameter single catheter which is suitable for insertion into 
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smaller access arteries to reduce trauma to the arteries or blood vessels during 
insertion and withdrawal, while providing significant fluid flow therethrough 
to and toward the distal end of the catheter. 

Though the invention has been described with respect to a specific 
preferred embodiment, many variations and modifications will become apparent 
to those skilled in the art upon reading the present application. It is therefore 
the intention that the appended claims be interpreted as broadly as possible in 
view of the prior art to include all such variations and modifications. 
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